Insulin stimulates the activity of a novel protein kinase C, PKC-epsilon, in cultured fetal chick neurons.
In this study we examined the effects of insulin on protein kinase C (PKC) activity in cultured fetal chick neurons. PKC activity, measured as 32P incorporation into histone H1 in the presence of calcium (500 microM), phosphatidylserine (100 micrograms/ml), and diolein (3.3 micrograms/ml) minus the incorporation in the presence of calcium alone, was detected in neuronal cytosolic (207 +/- 33 pmol/min/mg) and membrane (33 +/- 8 pmol/min/mg) fractions. Insulin added to intact neurons increased the activity of PKC in both cytosolic and membrane fractions by about 40%. Neurons preincubated with cycloheximide (10 micrograms/ml) 30 min prior to insulin treatment showed the same degree of stimulation of PKC activity by insulin. The activation of PKC was maximal within 5-10 min of insulin exposure and was sustained for at least 60 min. Insulin stimulated PKC in a dose-dependent manner, with a maximal response obtained at 100 ng/ml. Addition of phosphatidylserine and diolein to neuronal cell extracts resulted in the phosphorylation of four major cytosolic proteins (70, 57, 18, and 16 kDa) and one major membrane protein (75 kDa). Phosphorylation of all five proteins was increased 2-fold in extracts from insulin-treated neurons. Immunoblot analysis of whole cell extracts using antibodies against PKC-alpha, PKC-beta, PKC-gamma, PKC-delta, and PKC-epsilon revealed that cultured fetal chick neurons contained only one of these PKC isoforms, the epsilon-isoform. The enzyme was mostly cytosolic. Insulin had no effect on either the amount of distribution of PKC-epsilon in cultured neurons but induced a small change in the mobility of PKC-epsilon on sodium dodecyl sulfate-polyacrylamide gels. When assay conditions were designed to measure specifically the activity of PKC-epsilon, using a synthetic peptide substrate in the absence of calcium, activity was 50 +/- 12% higher in insulin-treated cells (p less than 0.005). PKC activity in control and insulin treated-neurons was almost completely inhibited when assays included a peptide identical to the pseudo-substrate binding site of PKC-epsilon. We conclude that PKC-epsilon is the major PKC isoform present in cultured fetal chick neurons. Insulin stimulates PKC-epsilon activity by a mechanism that does not involve translocation of the enzyme from cytosol to membrane.